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(54) Driving assist system and method 

(57) A driving assist system for assisting manual ef- 
fort by an operator to operate an accelerator pedal of a 
motor vehicle, the driving assist system comprises a da- 
ta acquisition sub-system acquiring data including infor- 
mation on state of the motor vehicle and information on 
environment in a field around the motor vehicle. Control 
logic determines the degree of risk in the field around 
the motor vehicle in response to the acquired data. An 
actuator is provided, which is operable in response to a 
command for generating reaction force at the accelera- 
tor pedal. Control logic simply increases an increment 
of reaction force between a first reaction force increment 



and a second reaction force increment as the deter- 
mined degree of risk grows from a predetermined cutoff 
value to a predetermined critical value to determine the 
command for regulating the actuator to realize the in- 
crement in reaction force. The first reaction force incre- 
ment has a first magnitude in an area of a lower limit of 
a predetermined range, in magnitude, of increment in 
reaction force, which the vehicle operator can perceive 
through the sense of touch during depressing the accel- 
erator pedal. The second reaction force increment has 
a second magnitude in an area of an upper limit of the 
predetermined range. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to driving assist 
systems and methods for assisting manual efforts by op- 
erators to operate vehicles in traveling. 

2. Description of the Background Art 



[0002] There is a need for a driving assist system, 
which can reliably assist manual effort by an operator to 
operate a vehicle, such as, an automobile, in traveling. « 
Various driving assist systems of the above kind are 
known. One example is disclosed in JP-A 10-166889. 
This known system allows the amount of reaction force 
at accelerator pedal to increase immediately after the 
intervehicle spacing has become narrow. The known 20 
system determines the amount of such increase in re- 
sponse to a current value of the amount of depression 
of an accelerator pedal and/or a current value of rate of 
depression of the accelerator pedal. Another example 
is disclosed in JP-A 1 0-1 66890. This known system al- 25 
lows the amount of reaction force at accelerator pedal 
to increase immediately after the intervehicle spacing 
has become narrow. This known system determines the 
amount of such increase in response to the intervehicle 
spacing such that the amount of such increase rises as 30 
the intervehicle spacing becomes narrower. Other ex- 
ample is disclosed in JP P2000-54860A. This known 
system determines the amount of reaction force at ac- 
celerator pedal so as to maintain the depressed position 
by the vehicle operator during automatic cruising control 35 
and applies the determined reaction force to the accel- 
erator pedal. 

[0003] The known driving assist systems are satisfac- 
tory to some extent. However, a need remains for de- 
velopment of driving assist system and method that can 40 
keep a vehicle operator informed of varying environ- 
ment in a field around a motor vehicle in such a manner 
as to assist the manual effort by the operator to operate 
the vehicle in driving. 

[0004] An object of the present invention is to provide 
driving assist system and method to meet the above- 
mentioned need. 



SUMMARY OF THE INVENTION 

[0005] The present invention provides, in one aspect 
thereof, a driving assist system for assisting manual ef- 
fort by an operator to operate a vehicle, the driving assist 
system comprising: 

a data acquisition sub-system acquiring data in- 
cluding information on state of the motor vehicle 
and information on environmentin afield around the 



motor vehicle; 

-ontrol logic for determining the degree of risk in the 
eld around the motor vehicle in response to the ac- 
quired data; 

5 an actuator operable in response to a command for 
generating reaction force at the accelerator pedal; 
and 

control logic for simply increasing an increment of 
reaction force between a first reaction force incre- 
10 ment and a second reaction force increment as the 
determined degree of risk grows from a predeter- 
mined cutoff value to a predetermined critical value 
to determine the command for regulating the actu- 
ator to realize the increment in reaction force, the 
first reaction force increment has a first magnitude 
in an area of a lower limit of a predetermined range, 
in magnitude, of increment in reaction force, which 
the vehicle operator can perceive through the sense 
of touch during depressing the accelerator pedal, 
the second reaction force increment has a second 
magnitude in an area of an upper limit of the prede- 
termined range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention will be apparent from 
reading of the following description in conjunction with 
the accompanying drawings . 

Figure 1 is acontrol diagram showing control of one 
exemplary implementation of a driving assist sys- 
tem according to the present invention. 
Figure 2 is a view illustrating how hardware of the 
implementation in Figure 1 is arranged on a motor 
vehicle. 

Figure 3 is a schematic view of a servomotor of an 
accelerator reaction characteristic modulation actu- 
ator in operative relationship with an accelerator 
pedal. 

Figure 4 is a graph, illustrating one exemplary var- 
ying of an increment AF in accelerator pedal reac- 
tion force with different degrees of risk P 
Figure 5 is a reaction force map. 
Figure 6 is an engine torque map. 
Figures 7A and 7B are timing diagrams illustrating 
operation without the exemplary implementation of 
the present invention. 

Figures 8A and 8B are timing diagrams illustrating 
operation with the exemplary implementation of the 
so present invention. 

Figure 9 is the same view as Figure 5, illustrating 
one mode of operation according to the implemen- 
tation of the present invention. 
Figure 10 is a flow diagram of a control routine for 
55 the implementation illustrated in Figure 1 . 

Figure 11 is a control diagram showing control of 
another exemplary implementation of a driving as- 
sist system according to the present invention. 
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Figure 12 is a flow diagram of a control routine for 
the implementation in Figure 11 . 
Figure 1 3 is a control diagram showing control of 
another exemplary implementation of a driving as- 
sist system according to the present invention. 
Figure 14 is a view illustrating how hardware of the 
implementation illustrated in Figure 13 is arranged 
on a motor vehicle. 

Figures 15A and 15B are views illustrating one 
mode how the implementation illustrated in Figure 
13 operates. 

Figure 16 is a flow diagram of a control routine for 
the implementation illustrated in Figure 13. 
Figures 17A and 17B are similar views to Figures 
15A and 1 SB, illustrating one mode how another ex- 
emplary implementation of a drive assist system ac- 
cording to the present invention operates. 
Figure 1 8 is a flow diagram of a control routine for 
the implementation illustrated in Figures 17A and 
17B. 

Figures 19A and 19B are similar views to Figures 
1 5A and 1 5B, illustrating one mode how another ex- 
emplary implementation of a drive assist system ac- 
cording to the present invention operates. 
Figure 20 is a flow diagram of a control routine for 
the implementation illustrated in Figures 19A and 
19B. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] Motor vehicles are equipped with input devices 
like a steering wheel, an accelerator pedal and a brake 
pedal. In traveling a motor vehicle, the vehicle operator 
perceives environment or situation in a field around the 
vehicle through normal senses of seeing and hearing. 
The vehicle operator applies manual effort to the accel- 
erator pedal sending a power request command to a 
prime mover such as an internal combustion engine or 
an electric traction motor. In various exemplary imple- 
mentations of the present invention, the vehicle operator 
can perceive environment or situation in the field 
through a sense of touch. With reference to various em- 
bodiments of a driving assist system, the present inven- 
tion will be described. In the embodiments, the magni- 
tude of reaction force of the accelerator pedal is adjust- 
ed so that the vehicle operator may continuously recog- 
nize environment or situation in the field around the ve- 
hicle through sense of touch. As the discussion pro- 
ceeds, the reader will recognize considerable contribu- 
tion, which the present invention may make, to reduction 
in the strain of driving. The vehicle operator suffers from 
the strain of driving particularly in the foggy environ- 
ment. 

[0008] Figures 1 to 1 0 illustrate one exemplary imple- 
mentation of the present invention. 
[0009] With reference now to Figures 1 and 2, the ref- 
erence numeral 10 generally indicates a driving assist 
system for a motor vehicle 1 2. The driving assist system 



1 0 assists vehicle operator by varying the magnitude of 
reaction force perceived via an accelerator pedal 1 4 with 
different degrees of risk in a field around the vehicle 12. 
The driving assist system 1 0 includes a data acquisition 

5 system (DAS) 1 6 arranged on the vehicle 1 2. The DAS 
16 continuously acquires data including information on 
the state of vehicle 12 and information on environment 
in the field around the vehicle 12. 
[0010] As shown in Figure 1 , the DAS 16 includes la- 

10 ser radar 1 8, a source of vehicle speed 20, a front cam- 
era 22, and an image processing unit 24. The present 
invention is operable with millimeter wave radar or other 
type radar in the place of the laser radar 1 8. 
[0011] As shown in Figure 2, the laser radar 18 is 

15 mounted to the vehicle 12 at a front bumper or a front 
grille thereof. It scans horizontally and laterally about 6 
degrees to each side of an axis parallel to the vehicle 
longitudinal centerline, propagates infrared pulses for- 
wardly and receives the reflected radiation by an obsta- 

20 cle, such as, a rear bumper of a leading vehicle. The 
laser radar 1 8 can provide distances to vehicles in front 
of the vehicle 1 2 and angular locations of the preceding 
vehicles. 

[0012] The source of vehicle speed 20 may determine 
25 vehicle velocity by processing outputs from wheel speed 
sensors. The source of vehicle speed 20 may include 
an engine controller or a transmission controller, which 
can provide a signal indicative of the vehicle velocity. 
[001 3] The front camera 22 of the CCD or CMOS type 
30 is mounted to the vehicle 1 2 in the vicinity of the internal 
rear view mirror. It acquires image data of a region in 
front of the vehicle. The region extends from a camera 
axis laterally to each side by about 30 degrees. The im- 
age-processing unit 24 receives the image data for 
35 processing, including filtering and pattern recognition. 
[0014] The laser radar 18, source of vehicle speed 
and image processing unit 24 output signals as acquired 
data by the DAS 16. 

[0015] The acquired data are used to compute the de- 
40 gree of risk P, which the vehicle operator perceives from 
the environment in the space around the vehicle 1 2. The 
driving assist system 10 includes a risk-estimating unit 
26 in the form of microprocessor-based controller to 
compute the degree of risk P. Briefly describing on the 
45 function to compute the degree of risk P, the controller 
26 recognizes the preceding vehicle to follow by using 
the image data from the front camera 22 to select one 
out of the plurality of preceding vehicles scanned by the 
laser radar 1 8. The risk-estimating unit 26 determines a 
so distance and a relative speed to the preceding vehicle 
and computes the degree of risk P based on the deter- 
mined distance and relative speed. Further description 
on how to compute the degree of risk P will be made 
later. 

55 [0016] The degree of risk P is used as one input to an 
accelerator pedal reaction characteristic (APRC) mod- 
ulator 28. An accelerator pedal stroke is used as another 
input to the APRC modulator 28. Such information on 
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accelerator pedal stroke is obtained from an accelerator 
pedal stroke sensor 30. The APRC modulator 28 pro- 
vides pattern of variation of reaction force with different 
depressed positions in such a manner as to let the ve- 
hicle operator continuously perceive necessary infor- 
mation on the degree of risk P via the accelerator pedal 
14. Further description on this variation pattern of reac- 
tion force will be made later. The APRC modulator 28 
generates an accelerator pedal reaction force command 
and applies it to a servomotor 32. 
[0017] With reference now to Figure 3, a link mecha- 
nism 34 operatively interconnects the servomotor 32 
and the accelerator pedal 14. In an embodiment, the 
servomotor 32 has embedded therein the accelerator 
pedal stroke sensor 30. The accelerator pedal stroke 
sensor 30 measures an angle of depression of the ac- 
celerator pedal 14 in terms of a rotary angle through 
which the servomotor 32 is forced to turn by the link 
mechanism 34 in response lo the depression. The ac- 
celerator pedal stroke sensor 30 applies the measure of 
rotary angle, as sensor output, to the APRC modulator 
28. The APRC modulator 28 computes a current value 
of stroke of the accelerator pedal 1 4 out of the measure 
of rotary angle. In response to the degree of risk P, the 
APRC modulator 28 computes a value of reaction force 
to be generated at the accelerator pedal 1 4 in a manner 
to be described later. The APRC modulator 28 deter- 
mines a value of accelerator pedal reaction force com- 
mand for accomplishment of the computed value of re- 
action force at the accelerator pedal 1 4. It regulates the 
servomotor 32 in rotary angle and torque to adjust the 
current valve of reaction force to the computed value of 
reaction force. In this manner, the APRC modulator 28 
can adjust the reaction force at the accelerator pedal 14 
to any desired value. 

[0018] The following sections provide description on 
how to compute the degree of risk P at the risk estimat- 
ing unit 26. 

[0019] For the purpose of description only, we use the 
reference character P1 to designate the degree of risk 
used in this exemplary implementation. 
[0020] The risk estimating unit 26 recognizes the dis- 
tance D to the preceding vehicle, vehicle speed V1 of 
the following vehicle 12, and vehicle speed V2 of the 
preceding vehicle. Using such recognized data, the risk- 
estimating unit 26 computes the degree of risk P1. In 
the exemplary implementation, the degree of risk P1 is 
expressed as a sum of a first extent and a second extent. 
The first extent represents how much the vehicle 12 has 
approached the preceding vehicle, which it is following. 
The second extent represents how much an unpredict- 
able change in motion of the preceding vehicle might 
have influence upon the following vehicle 1 2. As the dis- 
cussion proceeds, it will be understood that the first ex- 
tent is determined as a function of the reciprocal of time 
to collision (TTC), and the second extent is determined 
as a function of the reciprocal of time headway (THW). 
[0021] We introduced the notion of time to collision 



(TTC). The TTC is a measure of time from a current mo- 
ment to a future moment when the intervehicle spacing 
would become zero if the relative speed remains unal- 
tered. The TTC is expressed as: 



TTC = 



V1-V2 



Eq. 1 



where: D is the distance to the preceding vehicle 
10 or intervehicle spacing between the preceding and fol- 
lowing vehicles; 

V1 is the vehicle speed of the following ve- 
hicle 12; and 

V2 is the vehicle speed of the preceding ve- 
ts hide, which the vehicle 12 is following. 

The smaller the value of TTC, the more imminent is the 
collision and the larger is the value of the first extent. As 
mentioned before, the reciprocal of TTC determines the 
first extent. In a traffic scene where a vehicle is following 
2Q another vehicle on a highway, most vehicle operators 
perceived a high degree of risk and initiated decelera- 
tion to avoid collision well before the TTC becomes less 
than 4 seconds. To some extent, the TTC is a good in- 
dication for predicting a future behavior the vehicle op- 
25 erator might take. However, when it comes to quantify- 
ing the degree of risk, which the vehicle operator actu- 
ally perceives, there is discrepancy between the TTC 
and the degree of risk. Thus, the TTC alone is insuffi- 
cient to quantify the degree of risk. 
30 [0022] Such discrepancy may be confirmed by con- 
sidering a traffic scene where the relative speed is zero. 
In this case, the TTC is infinite irrespective of how nar- 
row the intervehicle spacing D is. However, the vehicle 
operator perceives an increase in the degree of risk in 
35 response to a reduction in the intervehicle spacing D, 
accounting for an increase how much an unpredictable 
drop in vehicle speed V2 of the preceding vehicle might 
have influence upon the TTC. 

[0023] To remedy the above-mentioned discrepancy, 
40 we introduced the notion of time headway (THW) to 
quantify an increase how much an unpredictable drop 
in vehicle speed V2 of the preceding vehicle might have 
influence upon the TTC in a traffic scene where one ve- 
hicle is following another vehicle within a constant inter- 
45 vehicle spacing. The THW is expressed as, 



THW=£ 



Eq.2 



so [0024] The THW is a measure of a timer that is set to 
count when the leading vehicle reaches a point on a 
road and will be reset subsequently when the following 
vehicle will reach the same point. The relationship be- 
tween the two notions is such that when a change in 

55 vehicle speed V2, if any, of the preceding vehicle results 
in a small change in the TTC when the THW is long, but 
the same change in vehicle speed V2 results in a large 
change in the TTC when the THW is short. 
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[0025] The risk-estimating unit 26 determines the de- 
gree of risk P1 by computing the sum of the first and 
second extents. In exemplary implementation, as men- 
tioned before the reciprocal of TTC determines the first 
extent, and the reciprocal of THW determines the sec- 
ond extent. The degree of risk P1 is expressed as, 

P1 -Ww + Wc E «- 3 

where: b and a (b > a) are parameters weighting 
1/TTC and 1/THW, respectively, such that 1/THW is less 
weighted than 1/TTC. The values of b and a are opti- 
mized after accounting for a statistics of values of THW 
and TTC collected in a traffic scene including one vehi- 
cle is following another vehicle. In this implementation, 
b = 8 and a = 1 . 

[0026] The degree of risk P1 can provide quantitative 
expression as to how much a following vehicle has ap- 
proached the preceding vehicle continuously over var- 
ying of environment from a state where the intervehicle 
spacing is unaltered to a state where the intervehicle 
spacing is narrowing. Flatly speaking, the degree of risk 
P1 increases as the risk perceived by the vehicle oper- 
ator grows. It follows that the degree of risk P1 repre- 
sents how much risk grows within the vehicle operator. 
The risk-estimating unit 26 provides, as an output, the 
degree of risk P1 

[0027] The degree of risk P1 is used as an input of the 
APRC modulator 28. Another input of the APRC modu- 
lator 28 is a pedal position of the accelerator pedal 14, 
which will be hereinafter called an accelerator pedal po- 
sition S. 

[0028] In the implementation of the present invention, 
the servomotor 32 includes the accelerator pedal stroke 
sensor 30. This sensor 30 detects the magnitude of 
each stroke of the accelerator pedal 1 4 and provides the 
detected magnitude of accelerator pedal stroke as the 
accelerator pedal position S. The accelerator pedal 
stroke sensor 30 provides the accelerator pedal position 
S used in the APRC modulator 28. 
[0029] With reference now to Figures 4, 5 and 6, the 
APRC modulator 28 determines a reaction force base 
F0(S) as a hysteresis function of accelerator pedal po- 
sition S and it also determines an increment AF as a 
predetermined function of degree of risk P1 . Using the 
reaction force base F0(S) and the increment AF, it de- 
termines a reaction force at accelerator pedal F. 
[0030] Figure 5 illustrates a reaction force map includ- 
ing a typical example of a hysteresis function. The hys- 
teresis function permits the reaction force base F0(S) to 
increase along a straight line 40 during depression of 
the accelerator pedal 1 4, and to decrease along another 
straight line 42 during the subsequent release of it. The 
relationship is such that, with the same value of accel- 
erator pedal position S, the straight line 40 provides a 
higher value than the straight Iine42 does. These values 
of the reaction force base F0(S) determine, unmodified, 



values of the reaction force at accelerator pedal F when 
the degree of risk P (= P1 in this example) is zero. 
[0031] Figure 4 illustrates atypical example of the pre- 
determined function according to the exemplary imple- 

5 mentation. In Figure 4, the horizontal axis represents the 
degree of risk P (= P1 in this example), and the vertical 
axis represents the increment AF. If every low degree of 
risk P should be expressed in terms of an increment of 
reaction force at accelerator pedal, most vehicle opera- 

10 tors might feel uneasy. This concern prompted the in- 
ventors to introduce the notation of a high pass gate to 
neglect such low degrees of risk P. According to the im- 
plementation of the present invention, there is provided 
a cutoff value Pmin. If the degree of risk P falls below 

is the cutoff value Pmin, then the increment AF is zero. If 
the degree of risk P grows continuously from the cutoff 
value Pmin, there is a critical value above which consid- 
erably high degree of risk P will be predicted, requiring 
the vehicle operator to release of the accelerator pedal 

20 14 to initiate action to decelerate the vehicle. According 
to the implementation of the present invention, there is 
provided such critical value Pmax. Of course, the critical 
value Pmax is greater than the cutoff value Pmin. Ac- 
counting for requirements on each fleet of motor vehi- 

25 C les : these two values in the degree of risk P may be 
determined and preset. 

[0032] There is a low threshold below which the mag- 
nitude of increment AF in accelerator pedal reaction 
force cannot be felt or perceived through the sense of 

30 touch. There is a range, in magnitude, of reaction force 
increment AF, which many vehicle operators can per- 
ceive through the sense of touch although they are not 
prompted to release the accelerator pedal 1 4. According 
to the implementation of the present invention, there is 

35 provided, as a minimum reaction force increment 
AFmin, one magnitude in an area of the range lower lim- 
it, which area is immediate to the low threshold. The im- 
plementation coordinates this minimum reaction force 
increment AFmin with the cutoff value Pmin in the de- 

40 gree of risk P. According to the implementation of the 
present invention, there is provided as a maximum re- 
action force increment AFmax, another magnitude in an 
area of the range upper limit. The implementation coor- 
dinates this maximum reaction force increment AFmax 

45 with the critical value Pmax in the degree of risk P. 
[0033] According to the implementation of the present 
invention, a simple function permits the reaction force 
increment AF to continuously increase from the mini- 
mum AFmin to the maximum AFmax as the degree of 

so risk P increases from the cutoff value Pmin to the critical 
value Pmax. In the embodiment, an exponential like 
function governs the reaction force increment AF and it 
is expressed as, 

AF=AP" Eq.4 
where: A and n are constants, which are adjusted 
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to interconnect one point (Pmin, A Fmin) and another 
point (Pmax, AFmax). 

[0034] This function gives a continuous and smooth 
varying of reaction force increment AF between the min- 
imum AFmin and the maximum AFmax with different de- 
grees of risk P over the range Pmin and Pmax. With se- 
lection of appropriate values as A and n, this function 
permits adjustment of reaction force varying character- 
istic in a manner to nicely communicate the various de- 
grees of risk P to the vehicle operator in terms of accel- 
erator pedal reaction force. Thus, the vehicle operator 
is always well informed of varying degrees of risk P in 
terms pedal reaction force. The constants A and n may 
vary with different types of vehicles. The implementation 
of the present invention requires setting of constants A 
and n through field test by, for example, drive simulation 
only for adjustment to desired varying of accelerator 
pedal reaction force with different degrees of risk P. 
[0035] With continuing reference to Figure 4, the im- 
plementation of the present invention permits the reac- 
tion force increment AF to jump up to an upper limit in- 
crement AFmax_actr when or immediately after the de- 
gree of risk P has grown to or exceeded the critical value 
Pmax. The upper limit increment AFmax_actr is greater 
than the maximum AFmax, and it may take a desired 
one out of values available in the accelerator pedal op- 
erable range. According to the implementation of the 
present invention, this jump prompts the vehicle opera- 
tor to release the accelerator pedal 14. Besides, this 
jump makes the vehicle operator to fully recognize the 
growing risk. With regard to the timing ; the occurrence 
of the reaction force increment AF as much as the upper 
limit increment AFmax_actr begins at the moment when 
or immediately after or upon elapse of a predetermined 
small delay after the degree of risk P has grown to or 
exceeded the critical value Pmax. 
[0036] The reaction force map in Figure 5 indicates 
that, in usual state where there is no reaction force in- 
crement AF, depressing the accelerator pedal 1 4 causes 
an increase in the reaction force at accelerator pedal F 
along the line 40. As mentioned before, the implemen- 
tation of the present invention has the hysteresis func- 
tion that provides the reaction force base F0(S). When 
there is no degree of risk P, the reaction force base F0 
(S) makes the reaction force at accelerator pedal F, 
causing the reaction force at accelerator pedal F to vary 
as it does in the usual state. 

[0037] The APRC modulator 28 determines the reac- 
tion force base F0(S) in response to the accelerator ped- 
al position S from the graph illustrated in Figures. Using 
the characteristic illustrated in Figure 4, it determines 
the reaction force increment AF in response to the de- 
gree of risk P. From the reaction force base F0(S) and 
increment AF, it determines the reaction force at accel- 
erator pedal F which is expressed as, 

F= f(P, S) = AF+F0(S) Eq. 5 



The APRC modulator 28 determines a servomotor com- 
mand in response to the determined reaction force at 
accelerator pedal F. It applies the servo motor command 
to the servomotor 32, causing it to produce force as 
5 much as the determined reaction force F. The vehicle 
operator can perceive by the sense of touch the degree 
of risk P through the increment AF that has been added 
to the reaction force base F0(S). 
[0038] With reference to Figure 6, the implementation 
w of the present invention permits the engine to produce 
torque that varies with different values of accelerator 
pedal position S. With the same gear ratio, depressing 
the accelerator pedal 14 causes the engine to increase 
its output torque. Thus, increasing the reaction force to 
is at least restrain the depression of the accelerator pedal 
1 4 can suppress an increase in output torque. As shown 
in Figure 6, with the same accelerator pedal position S, 
the output torque increases as gear ratio shifts toward 
low gear. 

20 [0039] With reference now to Figures 7A, 7B, 8 A and 
8B, it is now assumed that, with the accelerator pedal 
depressed, the vehicle 12 is approaching the preceding 
vehicle. Figures 7A and 7B are timing diagrams illustrat- 
ing the situation without the implementation of the 
25 present invention. Figures 8A and 8B are timing dia- 
grams illustrating the situation with the implementation 
of the present invention. Figures 7A and 8A show vary- 
ing of reaction force with time together with varying of 
degree of risk with time. Figures 7B and 8B show varying 
30 of accelerator pedal position with time. 

[0040] In Figure 7A, a curve 44 shows how the degree 
of risk P grows during approaching the preceding vehi- 
cle. A line 46 shows varying of reaction force at accel- 
erator pedal F with time. In Figure 7B, a line 48 shows 
35 varying of accelerator pedal position S with time. Prior 
to the moment t a , the vehicle operator keeps on de- 
pressing the accelerator pedal to an accelerator pedal 
position Sa against the usual reaction force F0(S), and 
the degree of risk P is growing because the vehicle is 
40 approaching the preceding vehicle. At the moment t a 
when the degree of risk P grows to a limit value Pmax_a, 
the vehicle operator releases the accelerator pedal up- 
on perceiving the growing risk. 

[0041] In Figure 8A, the curve 44 is shown in dotted 
45 line. The fully drawn curve 50 shows how the degree of 
risk P grows during approaching the preceding vehicle. 
According to the implementation of the present inven- 
tion, the risk-estimating unit 26 computes the degree of 
risk P. A line 52 shows varying of reaction force at ac- 
50 celerator pedal F with time. In Figure 8B, a line 54 shows 
varying of accelerator pedal position S with time. Prior 
to the moment t c> the vehicle operator keeps on de- 
pressing the accelerator pedal to an accelerator pedal 
position Sa against reaction force F0(S), and the degree 
55 of risk P is growing because the vehicle is approaching 
the preceding vehicle. At the moment t c when the de- 
gree of risk P grows to the critical value Pmin, the APRC 
modulator 28 sets the minimum reaction force incre- 
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ment AFmin is used as the increment AF to be added to 
the reaction force base F0(S). Subsequently after the 
moment ^ till the moment t^ the degree of risk P con- 
tinues to grow, causing the increment AF to increase 
from the minimum AFmin, thus causing the reaction 5 
force at accelerator pedal F to increase as illustrated by 
the line 52. It is remembered that the degree of risk P 
determines the increment AF as defined by the equation 
4. During this period t c and t b , the increment AF contin- 
uously increases toward the maximum AFmax, aug- 10 
menting reaction force at accelerator pedal F in a man- 
ner to make the vehicle operator to continuously per- 
ceive the degree of risk P that grows toward the critical 
value Pmax. The accelerator pedal returns from the de- 
pressed position Sa owing to the increase in reaction '5 
force during this period t c and ^ as shown in Figure 8B. 
At the moment ^ when the degree of risk P has grown 
to the critical value Pmax, the increment AF is equal to 
the maximum AFmax, prompting the vehicle operator to 
release the accelerator pedal. In orderto forcibly prompt 20 
the vehicle operator to release the accelerator pedal the 
implementation of the present invention provides a fur- 
ther arrangement. According to this further arrange- 
ment, the reaction force increment AF to jump when or 
immediately after the degree of risk P has grown to or 
exceeded the critical value Pmax. 
[0042] With reference also to Figure 9, the accelerator 
pedal is assumed to be returned by AS from the position 
Sa to Sb during period t c to t b . In Figure 9, path through 
point SS1 to point SS2 illustrates reaction force vs., ac- 
celerator pedal position relationship till the moment tc. 
Path from point SS2 to point SS3 illustrates reaction 
force vs., accelerator pedal position relationship from 
the moment ^ to t b . Path from point SS3 to SS4 illus- 
trates reaction force vs., accelerator pedal position re- 
lationship during the jump at or immediately after the 
moment ^ for forcibly prompting the vehicle operator to 
release the accelerator pedal. Path from the point SS4 
to point SS5 illustrates reaction force vs., accelerator 
pedal position relationship during releasing the acceler- 
ator pedal. 

[0043] Comparing Figure 8A to Figure 7A reveals that 
the implementation of the present invention prompts the 
vehicle operator to release the accelerator pedal at the 
moment t b when the degree of risk P has grown to the 
maximum Pmax that is less than the limit value Pmax_a 
at which the vehicle operator is prompted to release the 
accelerator pedal at the moment t a according to the prior 
art. The moment t b is in advance of the moment t a by t a 
- tb- 

[0044] An example of how a microprocessor-based 
controller would implement the above-mentioned imple- 
mentation of the present invention can be understood 
with reference to Figure 1 0. The flow diagram in Figure 
1 0 illustrates a control routine 70 of the implementation 
of the present invention. Execution of the control routine 
70 is repeated at regular intervals, for example, 1 00 mil- 
liseconds. 
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[0045] In box 72, the controller fetches variables in- 
cluding intervehicle spacing (or distance) D, vehicle 
speed V2 of the preceding vehicle, and vehicle speed 
V1 of the following vehicle 12. In box 74, the controller 
computes the degree of risk P1 using the equations 1 , 
2 and 3. 

[0046] In the next box 76, the controller determines 
whether or not the degree of risk P1 exceeds or greater 
than the cutoff value Pmin. If this is not the case, for 
example, the degree of risk P1 does not grow beyond 
Pmin, the routine returns to box 74 and waits for any 
change in the computed degree of risk P1 . If the degree 
of risk P1 grows and exceeds the cutoff value Pmin, the 
routine goes from box 76 to box 78. 
[0047] In box 78, the controller determines whether or 
not the degree of risk P1 is less than the critical value 
Pmax. If this is not the case, that is, the degree of risk 
P1 has grown to the critical value Pmax, the routine goes 
to box 80. In box 80, the controller inputs the information 
on accelerator pedal position S for determining the re- 
action force base F0(S) from the relationship illustrated 
in Figure 5, and determines the reaction force at accel- 
erator pedal F by adding the upper limit increment 
AFmax_actr to the reaction force base F0(S). The rou- 
tine goes from box 80 to box 86. 

[0048] If, in box 78, the controller determines that the 
degree of risk P1 is less than the critical value Pmax, 
the routine goes to box 82. In box 82, the controller in- 
puts information on accelerator pedal position S. In the 
next box 84, the controller computes the reaction force 
increment AF that is expressed as AF = A • P1 n . In the 
same box 84, the controller determines the reaction 
force at accelerator pedal F by adding the increment AF 
to the reaction force base F0(S). 
[0049] After box 84 or 80, the routine goes to box 86. 
In box 86, the controller determines a servomotor com- 
mand in response to the determined reaction force F 
and applies the command to the servomotor 32 to reg- 
ulate it to generate reaction force F at the accelerator 
pedal. 

[0050] The exemplary implementation of the present 
invention computes the degree of risk P1 based on time 
to collision TTC and time headway THW. The degree of 
risk P1 indicates the degree of risk predicted to appear 
in future. The implementation of the present invention 
employs the exponential like equation (equation 4) to 
convert the computed degree of risk P1 into an incre- 
ment AF of reaction force at the accelerator pedal in 
such a manner that the varying of accelerator pedal re- 
action force F causes the vehicle operator to recognize 
the degree of risk as one recognize the same degree of 
risk out of visual information. This assists the vehicle 
operator effectively in recognizing the degree of risk 
without any failure. The implementation of the present 
invention permits the vehicle operator to perceive con- 
tinuously through the accelerator pedal reaction force 
the degree of risk in addition to what one recognizes out 
of visual information, providing enhanced assist in driv- 
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ing the vehicle to deal with changing traffic circumstanc- 
es. 

[0051] The implementation of the present invention 
provides no increment AF in reaction force to leave the 
vehicle operator unnoticed when the degree of risk P1 
is below the cutoff value Pmin : thus preventing such de- 
gree of risk P1 from creating objectionable feel within 
the vehicle operator. 

[0052] The implementation of the present invention 
permits a jump in reaction force by an amount as much 
as AFmax_actr ? AFmax when or immediately after the 
degree of risk P1 grows to the critical value Pmax, thus 
prompting the vehicle operator to initiate deceleration 
action by releasing the accelerator pedal. 
[0053] The implementation of the present invention 
keeps the vehicle operator informed of varying in expo- 
nential like function over a range between the minimum 
and maximum reaction force increments Pmin and 
Pmax. This is advantageous over the before mentioned 
prior art because the vehicle operator is kept informed 
of varying of the degree of risk prior to the moment when 
the critical value Pmax is exceeded. 
[0054] The implementation of the present invention 
has the following advantageous features. 
[0055] The implementation of the present invention 
keeps the vehicle operator always informed of, through 
the sense of touch, the degree of risk P1 by continuously 
increasing the accelerator pedal reaction force. Accord- 
ing to the implementation of the present invention, an 
increment AF of reaction force simply increases as a 
function of the degree of risk P1 between the minimum 
and maximum reaction force increments AFmin and AF- 
max. As mentioned before, there is a range of reaction 
force increment, which many vehicle operators can feel 
or perceive through the sense of touch although they 
are not prompted to release the accelerator pedal. The 
minimum reaction force increment AFmin is one or first 
magnitude in an area of the range lower limit, which area 
is immediate to a low threshold below which the magni- 
tude of increment in reaction force cannot be felt or per- 
ceived through the sense of touch. The maximum reac- 
tion force increment AFmin is another or second mag- 
nitude in an area of the range upper limit. 
[0056] The implementation of the present invention 
keeps the vehicle operator effectively informed of, 
through the sense of touch , varying of the degree of risk 
because it determines an intermediate value between 
the minimum and maximum reaction force increments 
AFmin and AFmax as an exponential like function of the 
degree of risk P1 . 

[0057] The implementation of the present invention 
keeps the vehicle operator directly informed of, through 
the sense of touch, the degree of risk without relying on 
the normal senses to see and to hear because it deter- 
mines the reaction force base F0(S) as a function of the 
accelerator pedal position S and it increases the incre- 
ment AF as the degree of risk grows. 
[0058] The implementation of the present invention 



provides a considerable reduction in reaction time of the 
vehicle operator to the degree of risk exceeding critical 
value Pmax because it continues to provide information 
on the degree of risk prior to the moment when the de- 
5 gree of risk reaches the critical value Pmax and gives a 
warning by permitting a jump in reaction force at or im- 
mediately after this moment. 

[0059] Figure 11 illustrates a portion of another imple- 
mentation of the present invention. This implementation 
10 is substantially the same as the first mentioned imple- 
mentation illustrated in Figure 1 . A driving assist system, 
indicated generally at 10A : illustrated in Figure 11 is sub- 
stantially the same as the driving assist system 10 illus- 
trated in Figure 1, but it further includes a navigator 90 
15 and a database of vehicle speed limit criteria 92. The 
database may be a part of the navigator 90. As the dis- 
cussion proceeds, it will be understood that the imple- 
mentation of the present invention illustrated in Figure 
11 uses the navigator 90 and the database of vehicle 
20 speed limit criteria 92 to receive information on a vehicle 
speed limit assigned to a road on which the motor vehi- 
cle 1 2 (see Figure 2) is driving. The implementation may 
receive the same information, without relying on the 
navigator 90 and the database of vehicle speed limit cri- 
25 teria 92, through communication between vehicle and 
road. 

[0060] With continuing reference to Figure 11, the 
driving assist system 1 0A according to the implementa- 
tion of the present invention determines the degree of 
30 risk P2 in the case where there is no preceding vehicle 
to follow or it is difficult to detect the preceding vehicle. 
[0061] In Figure 11, the navigator 90 has a GPS 
receiver or a beacon receiver and connected to the 
database of vehicle speed limit criteria 92. The 
35 implementation of the present invention receives 
information on a road on which the motor vehicle 12 is 
driving from the navigator 90 and then it receives 
information on a vehicle speed limit V taeget assigned to 
this road from the vehicle speed limit criteria 92. The 
40 vehicle speed limit V target is used as input of a risk- 
estimating unit 26. 

[0062] The risk-estimating unit 26 determines the de- 
gree of risk P2 based on inputs from laser radar 18, ve- 
hicle speed sensor 20 and front camera 22. The degree 
45 of risk P2 is expressed as. 

P2=C/(V target -V1) Eq.6 

so where: c is the parameter for adjustment of the de- 

gree of risk P2 with regard to the degree of risk P1 . 
[0063] The determined degree of risk P2 is used as 
input to an APRC modulator 28. The APRC modulator 
28 determines a reaction force base F0(S) in response 
55 to an accelerator pedal position S from the reaction force 
map in Figure 5. Using the characteristic illustrated in 
Figure 4, it determines the reaction force increment AF 
in response to the degree of risk P2. From the reaction 
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force base FO(S) and increment AF, it determines the 
reaction force at accelerator pedal F which is expressed 
by the equation 5. 

[0064] The APRC modulator 28 determines a servo- 
motor command in response to the determined reaction 
force at acceleration pedal F. It applies the servomotor 
command to servomotor 32, causing it to produce force 
as much as the determined reaction force F. The vehicle 
operator can perceive by the sense of touch the degree 
of risk P2 through the increment AF that has been added 
to the reaction force base FS(0). 
[0065] As different from the previously described im- 
plementation, the implementation illustrated in Figure 1 1 
uses the illustrated characteristic in Figure 4. In using 
this characteristic in Figure 4, the horizontal axis is cal- 
ibrated so that the critical value Pmax is accomplished 
by the degree of risk P2 when the vehicle speed V1 is 
equal to the vehicle speed limit V^g^. The implemen- 
tation permits application of reaction force as mush as 
an upper limit value AFmax__actr + F0(S) to the acceler- 
ator pedal 14 (see Figure 3) when the vehicle speed V1 
reaches the vehicle speed limit V target , forcibly prompt- 
ing the vehicle operator to release the accelerator pedal 
14. 

[0066] An example of how a microprocessor-based 
controller would implement the above-mentioned imple- 
mentation illustrated in Figure 11 can be understood 
with reference to Figure 12. The flow diagram in Figure 
12 illustrates a control routine 100 of the implementation 
of the present invention illustrated in Figure 11 . Execu- 
tion of the control routine 100 is repeated at regular in- 
tervals, for example, 100 milliseconds. 
[0067] In box 1 02, the controller fetches variables in- 
cluding vehicle speed limit V target and vehicle speed V1 
of the vehicle 12. In box 104, the controller computes 
the degree of risk P2 using the equation 6. 
[0068] In the next box 1 06, the controller determines 
whether or not the degree of risk P2 exceeds or greater 
than the cutoff value Pmin. If this is not the case : for 
example, the degree of risk P2 does not grow beyond 
Pmin, the routine returns to box 104 and waits for any 
change in the computed degree of risk P2. If the degree 
of risk P2 grows and exceeds the cutoff value Pmin, the 
routine goes from box 1 06 to box 1 08. 
[0069] In box 108, the controller determines whether 
or not the degree of risk P2 is equal to the critical value 
Pmax or it is less than zero. If this is the case, the routine 
goes to box 110. In box 110, the controller inputs the 
information on accelerator pedal position S for determin- 
ing the reaction force base F0(S) from the relationship 
illustrated in Figure 5, and determines the reaction force 
at accelerator pedal F by adding the upper limit incre- 
ment AFmax_actr to the reaction force base F0(S). The 
routine goes from box 110 to box 116. 
[0070] If, in box 1 08, the controller determines that the 
degree of risk P2 is less than the critical value Pmax but 
not less than zero, the routine goes to box 112. In box 
112, the controller inputs information on accelerator 



pedal position S. In the next box 114, the controller com- 
putes the reaction force increment AF that is expressed 
as AF = A-P2 n . In the same box 114, the controller de- 
termines the reaction force at accelerator pedal F by 
5 adding the increment AF to the reaction force base F0 
(S). 

[0071] After box 114 or 110, the routine goes to box 
116. In box 116, the controller determines a servomotor 
command in response to the determined reaction force 
10 F and applies the command to the servomotor 32 to reg- 
ulate it to generate reaction force F at the accelerator 
pedal. 

[0072] Figures 13 to 16 illustrate another exemplary 
implementation of the present invention. This imple- 
15 mentation is substantially the same as the implementa- 
tion illustrated in Figure 11. 

[0073] In Figure 13, the reference numeral 10B gen- 
erally indicates a driving assist system for a motor vehi- 
cle 12A illustrated in Figure 14. In hardware, the driving 

20 assist system 10B is substantially the same as that il- 
lustrated in Figure 11 except the provision of a throttle 
actuator 120, a brake actuator 122 and a longitudinal 
control unit 124. The longitudinal control unit 124 is op- 
eratively connected with a throttle actuator 120 and a 

25 brake actuator 122 in a known manner to carry out an 
intervehicle spacing control if need arises or demanded. 
This implementation of the present invention permits the 
longitudinal control unit 124 to carry out the intervehicle 
spacing control when the vehicle operator depresses an 

30 accelerator pedal 14 (see Figure 3) deeply further be- 
yond a critical accelerator pedal position S(V2) as long 
as the degree of risk P1 falls in a range between a cutoff 
value Pmin and a critical value Pmax upon detecting the 
preceding vehicle. The implementation of the present 

35 invention sets, as the critical accelerator pedal position 
S(V2), an accelerator pedal position when the vehicle 
speed V1 of the motor vehicle 12A (see Figure 14) has 
matched the vehicle speed V2 of the preceding vehicle. 
In the same manner as the preceding implementation 

40 illustrated in Figure 11 , the implementation illustrated in 
Figure 13 permits reaction force control based on the 
degree of risk P2 upon detecting no preceding vehicle. 
[0074] With reference to Figure 13, a risk-estimating 
unit 26 computes the degree of risk P1 that is expressed 

45 as the equation 3 upon detecting the preceding vehicle. 
When there is no preceding vehicle or upon failing to 
detect the preceding vehicle running ahead on a curved 
road ahead, the risk estimating unit 26 computes the de- 
gree of risk P2 that is expressed as the equation 6. In 

50 the same manner as carried out in the driving assist sys- 
tems 10 and 1 0A illustrated in Figures 1 and 11 , the driv- 
ing assist system 1 0B carries out the accelerator pedal 
reaction force control in response to the degree of risk 
P1 or P2. 

55 [0075] With reference now to Figures 15A and 15B, 
the implementation of the present invention divides the 
whole operation range into two sub-ranges in response 
to the accelerator pedal position S. The sub-ranges 
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include an ordinary control sub-range wherein engine 
torque is regulated in a predetermined schedule with the 
accelerator pedal position S. The sub-ranges further 
include an intervehicle spacing control sub-range 
wherein engine torque is regulated for intervehicle 
spacing control in cooperation with regulation of brake 
torque to maintain a target value of intervehicle spacing 
^target- According to the implementation, the ordinary 
control is selected when the accelerator pedal position 
S is less than or equal to the critical accelerator pedal 
position S(V2), and the intervehicle spacing control is 
selected when the accelerator pedal position S exceeds 
the critical accelerator pedal position S(V2). Figure 15B 
illustrates how the implementation of the present 
invention determines the target value of intervehicle 
spacing as a function of the accelerator pedal 

position S. The implementation of the present invention 
sets an intervehicle spacing established when the 
vehicle speeds V1 and V2 match each other as a max- 
intervehicle spacing Dmax. The implementation of the 
present invention can vary the target value of 
intervehicle spacing D target from the max-intervehicle 
spacing Dmax to a predetermined min-intervehicle 
spacing Dmin and vice versa (Dmax > Dmin). As 
illustrated by the line in Figure 15B, the implementation 
of the present invention continuously and linearly 
decreases the target value of intervehicle spacing 
Dta et as tne accelerator pedal 1 4 is depressed beyond 
theTritical accelerator pedal position S(V2) toward the 
fully depressed position Smax. 

[0076] As is well known in the art, the longitudinal con- 
trol unit 124 can maintain the target-value of intervehicle 

spacing D^* when jt is set bv contr0,,in g the thrott,e 
actuator 120 and brake actuator 122 in response to 
processing result of a control logic based on information 
on current value of intervehicle spacing provided by the 
laser radar 1 8. The implementation of the present inven- 
tion, however, prohibits such intervehicle spacing con- 
trol when the risk estimating unit 26 determines that the 
degree of risk P1 has grown to or exceeded the critical 
value Pmax. 

[0077] The implementation of the present invention 
provides the accelerator pedal reaction force control in 
response to the degree of risk P1 while the vehicle op- 
erator is operating the accelerator pedal 14 to carry out 
the intervehicle spacing control over a range beyond the 
critical accelerator pedal S(V2). The implementation of 
the present invention permits the intervehicle spacing 
control as long as the degree of risk P1 falls between 
Pmin and Pmax. 

[0078] An example of how a microprocessor-based 
controller would implement the above-mentioned imple- 
mentation illustrated in Figure 13 can be understood 
with reference to Figure 16. The flow diagram in Figure 
1 6 illustrates a control routine 1 30 of the implementation 
of the present invention illustrated in Figure 13. Execu- 
tion of the control routine 130 is repeated at regular in- 
tervals, for example, 100 milliseconds. 



[0079] The control routine 1 30 incorporates the con- 
trol routine 70 (see Figure 10) and the control routine 
100 (see Figure 12). As the discussion proceeds, it will 
be understood that boxes 136 to 150 correspond sub- 
5 stantially to boxes 74 to 86 of the control routine 70. It 
will also be understood that boxes 1 58 to 1 68 and boxes 
142, 144 correspond substantially to boxes 104 to 116 
of the control routine 1 00. It will be further noted that box 
132 is common to boxes 72 and 1 02. 
10 [0080] In Figure 16, at box 1 32, the controller fetches 
variables including intervehicle spacing (or distance) D, 
vehicle speed V2 of the preceding vehicle, vehicle 
speed V1 of the vehicle 12A, and vehicle speed limit 
V ■ | n the next box 134, the controller determines 
15 whether or not there is any preceding vehicle to follow. 
If this is the case, the routine goes to box 136. If this is 
not the case, the routine goes to box 1 58. 
[0081] In box 1 36, the controller computes the degree 
of risk P1 using the equations 1 , 2 and 3. 
20 [0082] In the next box 1 38, the controller determines 
whether or not the degree of risk P1 exceeds or greater 
than the cutoff value Pmin. If this is not the case, for 
example, the degree of risk P1 does not grow beyond 
Pmin, the routine returns to box 136 and waits for any 
25 change in the computed degree of risk P1 . If the degree 
of risk P1 grows and exceeds the cutoff value Pmin, the 
routine goes from box 138 to box 140. 
[0083] in box 1 40, the controller determines whether 
or not the degree of risk P1 is less than the critical value 
30 Pmax. If this is not the case, that is, the degree of risk 
P1 has grown to the critical value Pmax, the routine goes 
to box 142. In box 142, the controller inputs the informa- 
tion on accelerator pedal position S for determining the 
reaction force base F0(S) from the relationship illustrat- 
35 ed in Figure 5, and determines the reaction force at ac- 
celerator pedal F by adding the upper limit increment 
AFmax_actr to the reaction force base F0(S). In the next 
box 144, the controller determines a servomotor com- 
mand in response to the determined reaction force F 
40 and applies the command to the servomotor 32 to reg- 
ulate it to generate reaction force F at the accelerator 
pedal before the routine comes to an end. 
[0084] If, in box 1 40 , the controller determines that the 
degree of risk P1 is less than the critical value Pmax, 
45 the routine goes to box 146. In box 146, the controller 
inputs information on accelerator pedal position S. In the 
next box 1 48, the controller computes the reaction force 
increment AF that is expressed as AF = A-P1 n . In the 
same box 148, the controller determines the reaction 
so force at accelerator pedal F by adding the increment AF 
to the reaction force base F0(S). In the next box 150, 
the controller determines servomotor command in re- 
sponse to the determined reaction force F and applies 
the command to the servomotor 32 to regulate it to gen- 
55 erate reaction force F at the accelerator pedal. 

[0085] After box 150, the routine goes to box 152. In 
box 152, the controller determines whether or not the 
accelerator pedal position S is greater than or exceeds 
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the critical accelerator pedal S(V2). If this is the case, 
the routine goes to box 154. In box 154, the controller 
carries out intervehicle spacing control by regulating en- 
gine torque and brake torque in a manner as mentioned 
before in connection with Figure 15B. If this is not the 
case, the routine goes to box 156. In box 156, the con- 
troller carries out ordinary control by regulating engine 
torque in response to the accelerator pedal position S. 
After boxe 154 or 156, the routine comes to an end. 
[0086] Returning back to box 134, if there is no pre- 
ceding vehicle to follow or detection of the preceding ve- 
hicle fails, the routine goes from box 134 to box 158. 
[0087] Inbox 158, the controller computes the degree 
of risk P2 using the equation 6. 

[0088] In the next box 1 60, the controller determines 
whether or not the degree of risk P2 exceeds or greater 
than the cutoff value Pmin. If this is not the case : for 
example, the degree of risk P2 does not grow beyond 
Pmin, the routine returns to box 158 and waits for any 
change in the computed degree of risk P2. If the degree 
of risk P2 grows and exceeds the cutoff value Pmin , the 
routine goes from box 160 to box 1 62. 
[0089] In box 162, the controller determines whether 
or not the degree of risk P2 is equal to the critical value 
Pmax or it is less than zero. If this is the case, the routine 
goes to box 142. 

[0090] If, in box 1 62, the controller determines that the 
degree of risk P2 is less than the critical value Pmax but 
not less than zero, the routine goes to box 164. In box 
164, the controller inputs information on accelerator 
pedal position S. In the next box 166, the controller com- 
putes the reaction force increment AF that is expressed 
as AF = A-P2 n . In the same box 166, the controller de- 
termines the reaction force at accelerator pedal F by 
adding the increment AF to the reaction force base FO 
(S). 

[0091] In the next box 168, the controller determines 
a servomotor command in response to the determined 
reaction force F and applies the command to the servo- 
motor 32 to regulate it to generate reaction force F at 
the accelerator pedal. After box 168, the routine goes to 
box 156 before coming to an end. 
[0092] Figures 1 7A, 1 7B and 1 8 illustrate a portion of 
another exemplary implementation of the present inven- 
tion. This implementation is substantially the same as 
the implementation illustrated in Figures 13 to 16. 
[0093] This implementation is substantially the same 
as the implementation illustrated in Figures 13 to 16. In 
the same manner as the previously described imple- 
mentation in Figures 13 to 16, this implementation of the 
present invention permits a longitudinal control unit 124 
to carry out the intervehicle spacing control when the 
vehicle operator depresses an accelerator pedal 14 
(see Figure 3) deeply further beyond a critical acceler- 
ator pedal position S(V2) as long as the degree of risk 
P1 falls in a range between a cutoff value Pmin and a 
critical value Pmax upon detecting the preceding vehi- 
cle. In the same manner, this implementation of the 



present invention sets, as the critical accelerator pedal 
position S(V2), an accelerator pedal position when the 
vehicle speed V1 of the motor vehicle 12A (see Figure 
14) has matched the vehicle speed V2 of the preceding 
5 vehicle. 

[0094] With reference now to Figures 17A and 17B, 
the implementation of the present invention divides the 
whole operation range into three sub-ranges in re- 
sponse to the accelerator pedal position S. The sub- 

10 ranges include an ordinary control sub-range wherein 
engine torque is regulated in a predetermined schedule 
with the accelerator pedal position S. The sub-ranges 
further include an intervehicle spacing control sub- 
range wherein engine torque is regulated for intervehi- 

15 cle spacing control in cooperation with regulation of 
brake torque to maintain a target value of intervehicle 
spacing D target . The sub-ranges still further include a 
sub-range to override intervehicle spacing control 
wherein engine torque is regulated in response to the 

20 accelerator pedal position S. According to the imple- 
mentation, the ordinary control is selected when the ac- 
celerator pedal position S is less than or equal to the 
critical accelerator pedal position S(V2). The intervehi- 
cle spacing control is selected when the accelerator 

25 pedal position S exceeds the critical accelerator pedal 
position S(V2) but less than a second accelerator pedal 
reference position S2. The sub-range to override the in- 
tervehicle spacing control is selected when the acceler- 
ator pedal position S exceeds the second accelerator 

30 pedal reference position S2. 

[0095] Figure 1 7B illustrates how the implementation 
of the present invention determines the target value of 
intervehicle spacing D^g^ as a function of the acceler- 
ator pedal position S. The implementation of the present 

35 invention sets an intervehicle spacing established when 
the vehicle speeds V1 and V2 match each other as a 
max-intervehicle spacing Dmax. The implementation of 
the present invention can vary the target value of inter- 
vehicle spacing from the max-intervehicle spac- 

40 ing Dmax to a predetermined min-intervehicle spacing 
Dmin and vice versa (Dmax > Dmin). As illustrated by 
the line in Figure 1 5B, the implementation of the present 
invention continuously and linearly decreases the target 
value of intervehicle spacing O^g^ as the accelerator 

45 pedal 14 is depressed beyond the critical accelerator 
pedal position S(V2) toward a first accelerator pedal ref- 
erence position S1 (S1 < S2). The implementation sets 
the predetermined min-intervehicle spacing Dmin as the 
target value of intervehicle spacing D^^ when the ac- 

50 celerator pedal 14 is depressed to the first predeter- 
mined accelerator pedal reference position S1 . The im- 
plementation keeps on setting the predetermined min- 
intervehicle spacing Dmin as the target value of interve- 
hicle spacing D target when the accelerator pedal 14 is 

55 depressed beyond the first predetermined accelerator 
pedal reference position S1 to the second predeter- 
mined accelerator pedal reference position S2. When 
the accelerator pedal 14 is depressed beyond the sec- 
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ond predetermined accelerator pedal S2 to u.e fully de- 
pressed position Smax, the implementation selects the 
sub-range to override the intervehicle spacing control to 
carry out the ordinary control. 

[0096] In the same manner as the previously de- 
scribed implementation illustrated in Figures 13 to 16, 
the implementation according to the present invention 
provides the accelerator pedal reaction control in re- 
sponse to the degree of risk P1 during intervehicle spac- 
ing control. 

[0097] In Figure 1 7B, the function that determines the 
target value of intervehicle spacing O targA used for in- 
tervehicle spacing control is different from the function 
illustrated in Fig. 1 5B in the provision of a transient con- 
trol zone over the accelerator pedal position range 
S1 -S2. As mentioned above, the predetermined min-in- 
tervehicle spacing Dmin is set as the target value of in- 
tervehicle spacing D target . The implementation of the 
present invention provides this transient control zone to 
make a smooth shift from the intervehicle spacing con- 
trol to the ordinary control in the sub-range to override 
intervehicle spacing control. 

[0098] An example of how a microprocessor-based 
controller would implement the above-mentioned imple- 
mentation illustrated in Figures 1 7A and 1 7B can be un- 
derstood with reference to Figure 1 8. The flow diagram 
in Figure 18 illustrates a control routine 180 of the im- 
plementation of the present invention illustrated in Fig- 
ures 17A and 17B. Execution of the control routine 1 80 
is repeated at regular intervals, for example, 100 milli- 
seconds. 

[0099] The control routine 180 is substantially the 
same as the control routine 130 illustrated in Figure 16 
except the provision of box 182. Further, the content of 
the intervehicle spacing control in box 154 is slightly dif- 
ferent from the content in box 154 illustrated in Figure 
16. 

[0100] In Figure 1 8, if the interrogation in box 1 52 re- 
sults in affirmative, the routine goes to box 182. In box 
1 82, the controller determines whether or not the accel- 
erator pedal position S is less than the second acceler- 
ator pedal reference position S2 (see Figure 1 7B). If this 
is the case, the routine goes to box 154. Inbox 154, the 
controller carries out the intervehicle spacing control as 
described in connection with Figure 17B. If, in box 182, 
the accelerator pedal position S is equal to or greater 
than the second accelerator pedal reference position 
S2, the routine goes to box 156 to carry out sub-routine 
to override the intervehicle spacing control. In box 156, 
the controller carries out the ordinary control by regulat- 
ing the engine torque in response to the accelerator ped- 
al position S. 

[0101] The implementation of the present invention 
overrides the intervehicle spacing control when the ac- 
celerator pedal 14 is depressed further deeply beyond 
the second accelerator pedal reference position S2, 
making it easy for the vehicle operator to pass the pre- 
ceding vehicle. The vehicle operator can perceive by the 



sense of touch the degree of risk P1 during manipulation 
of the accelerator pedal to pass the preceding venicle. 
[0102] Figures 19A, 19B and 20 illustrate a portion of 
another exemplary implementation of the present inven- 
5 tion. This implementation is substantially the same as 
the implementation illustrated in Figures 17A, 17B and 
18. 

[0103] The previous implementation illustrated in Fig- 
ures 1 7A and 1 7B applies the accelerator pedal reaction 

10 force in response to the degree of risk P1 over the in- 
tervehicle spacing control. As different from this, the im- 
plementation of the present invention illustrated in Fig- 
ures 1 9A and 1 9B applies the accelerator pedal reaction 
force in response to the degree of risk P3. The degree 

15 of risk P3 is different from the degree of risk P1 . The 
degree of risk P3 is expressed as, 



P3 = 



aV1 



THW 



Eq.7 



20 



Comparing the equation 7 with the equation 3 indicates 
that the degree of risk P3 results after deleting the sec- 
ond term (b/TTC) from the degree of risk P1 . The pa- 
rameter a used in the equation 7 is the same as that 
25 used in the equation 3. 

[0104] The implementation of the present invention 
allows the vehicle operator to feel reaction force deter- 
mined in response to the degree of risk P3 during inter- 
vehicle spacing control. Because the degree of risk P3 
30 is less than the degree of risk P1 , the implementation of 
the present invention allows the vehicle operator to drive 
comfortably during intervehicle spacing control by sup- 
pressing transmission of risk to the vehicle operator. 
[0105] An example of how a microprocessor-based 
35 controller would implement the above-mentioned imple- 
mentation illustrated in Figures 19Aand 19Bcan be un- 
derstood with reference to Figure 20. The flow diagram 
in Figure 20 illustrates a control routine 200 of the im- 
plementation of the present invention illustrated in Fig- 
40 ures 1 9A and 1 9B. Execution of the control routine 200 
is repeated at regular intervals, for example, 100 milli- 
seconds. 

[0106] The control routine 200 is substantially the 
same as the control routine 180 illustrated in Figure 18 

45 except the provision of boxes 202 to 21 4 in the place of 
boxes 148, 150, 150, 152 and 182. However, a path of 
flow along boxes 146, 202, 212, 214 and 156 and an- 
other path of flow along boxes 202, 204, 212, 214 a vJ 
156 illustrated in Figure 20 correspond to the path of 

so flow along boxes 146, 148, 150, 152 and 156 and the 
path of flow along boxes 146, 148, 150, 152, 182 and 
156 illustrated in Figure 18. 

[0107] In Figure 20, after box 146, the routine goes to 
box 202. In box 202, the controller determines whether 
55 or not the accelerator pedal position S is greater than or 
exceeds the critical accelerator pedal S(V2). If this is the 
case, the routine goes to box 204. If this is not the case, 
the routine goes to box 212. 
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[0108] In box 204, the controller determines whether 
or not the accelerator pedal position S is less than the 
second accelerator pedal reference position S2 (see 
Figure 19B). It this is not the case, the routine goes to 
box 212. 

[0109] In box 212, the controller computes the reac- 
tion force increment AF that is expressed as AF =AF(P1 ) 
= A-P1 n . In the same box 21 2, the controller determines 
the reaction force at accelerator pedal F by adding the 
increment AF to the reaction force base F0(S). In the 
next box 214, the controller determines servomotor 
command in response to the determined reaction force 
F and applies the command to the servomotor 32 to reg- 
ulate it to generate reaction force F at the accelerator 
pedal. After box 214, the routine goes to box 156. 
[0110] If. inbox104 ; the controller determines that the 
accelerator pedal position S is less than the second ac- 
celerate pedal reference position S2 (see Figure 19B), 
the routine goes lo box 2C6. In box 206, the controller 
computes tne degiee of risk P3 using the equation 7. In 
the next box 208 the controller computes the reaction 
force increment AF that is expressed as AF =AF(P3) = 
A-P3 n . In the same box 210. the controller determines 
the reaction force at accelerator pedal F by adding the 
increment AF to the reaction force base F0(S). In the 
next box 210, the controller determines servomotor 
command in response to the determined reaction force 
F and applies the command to the servomotor 32 to reg- 
ulate it to generate reaction force F at the accelerator 
pedal. After box 21 0, the routine goes to box 154. In box 
154, the controller carries out intervehicle spacing con- 
trol by regulating engine torque and brake torque. 
[0111] While the present invention has been particu- 
larly described, in conjunction with various implementa- 
tions of the present invention, it is evident that many al- 
ternatives, modifications and variations will be apparent 
to those skilled in the art in light of the foregoing descrip- 
tion. It is therefore contemplated that the appended 
claims will embrace any such alternatives, modifications 
and variations as falling within the true scope and spirit 
of the present invention. 

[0112] This application claims the priority of Japanese 
Patent Application No. 2002-003803, filed January 10, 
2002, the disclosure of which is hereby incorporated by 
reference in its entirety. 



Claims 

1. A driving assist system for assisting manual effort 
by an operator to operate an accelerator pedal of a 
motor vehicle, the driving assist system comprising: 

a data acquisition sub-system (16) acquiring 
data including information on state of the motor 
vehicle and information on environment in a 
field around the motor vehicle; 
control logic (26) for determining the degree of 



risk in the field around the motor vehicle in re- 
sponse to the acquired data; 
an actuator (32) operable in response to a com- 
mand for generating reaction force at the accel- 

5 erator pedal; and 

control logic (28) for simply increasing an incre- 
ment of reaction force between a first reaction 
force increment and a second reaction force in- 
crement as the determined degree of risk grows 

10 from a predetermined cutoff value to a prede- 

termined critical value to determine the com- 
mand for regulating the actuator to realize the 
increment in reaction force, the first reaction 
force increment has a first magnitude in an area 

15 of a lower limit of a predetermined range, in 

magnitude, of increment in reaction force, 
which the vehicle operator can perceive 
through the sense of touch during depressing 
the accelerator pedal, the second reaction 

20 force increment has a second magnitude in an 

area of an upper limit of the predetermined 
range. 

2. The driving assist system as claimed in claim 1 , 
25 wherein the control logic (28) for simply increasing 
an increment in reaction force varies the increment 
in reaction force as an exponential like function of 
the determined degree of risk. 

30 3. The driving assist system as claimed in claim 1 or 
2, wherein the control logic (26) for determining the 
degree of risk determines one of the degree of first 
risk that is expressed by an equation including, as 
a variable, the reciprocal of a time headway (THW) 

35 and the degree of second risk (P2) that is expressed 
by an equation, including as a variable, the recipro- 
cal of a deviation of vehicle speed of the motor ve- 
hicle from a vehicle speed limit. 

40 4. The driving assist system as claimed in any one of 
claims 1 to 3, wherein the control logic (28) for sim- 
ply increasing an increment in reaction force deter- 
mines a reaction force base as a function of accel- 
erator pedal position of the accelerator pedal, de- 

45 termines the increment in response to the deter- 
mined degree of risk, and adding the determined 
increment to the determined reaction force base to 
determine the reaction force to be realized by the 
actuator. 

50 

5. The driving assist system as claimed in any one of 
claims 1 to 4, wherein the control logic (28) for sim- 
ply increasing an increment in reaction force per- 
mits the increment in reaction force up to an upper 
55 limit increment when the degree of risk has grown 
to the critical value, the upper limit increment being 
greater than the second reaction force increment. 
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The driving assist system as claimed in any one of 
claims 1 to 3 or claim 6, further comprising a longi- 
tudinal control unit (124) that sets, as a critical ac- 
celerator pedal position, an accelerator pedal posi- 
tion of the accelerator pedal when vehicle speed of 
the motor vehicle has matched vehicle speed of the 
preceding vehicle, and wherein the longitudinal 
control unit carries out ordinary control by regulating 
output torque of an engine of the motor vehicle in 
response to the accelerator pedal position when the 
accelerator pedal position is less than or equal to 
the critical accelerator pedal position, and carries 
out intervehicle spacing control with a target inter- 
vehicle spacing decreasing as the accelerator ped- 
al position increases when the accelerator pedal 
position has exceeded the critical accelerator pedal 
position. 

7. The driving assist system as claimed in claim 4, 
wherein further comprising a longitudinal control 
unit (124) that sets, as a critical accelerator pedal 
position, an accelerator pedal position of the accel- 
erator pedal when vehicle speed of the motor vehi- 
cle has matched vehicle speed of the preceding ve- 
hicle, and wherein the longitudinal control unit car- 
ries out ordinary control by regulating output torque 
of an engine of the motor vehicle in response to the 
accelerator pedal position when the accelerator 
pedal position is less than or equal to the critical ac- 
celerator pedal position, and carries out intervehicle 
spacing control with a target intervehicle spacing 
decreasing as the accelerator pedal position in- 
creases when the accelerator pedal position has 
exceeded the critical accelerator pedal position. 

8. The driving assist system as claimed in claim 6 or 
7, wherein the longitudinal control unit (124) has an 
accelerator pedal reference position that is greater 
than the critical accelerator pedal position, and 
wherein the longitudinal control unit carries out or- 
dinary control by regulating output torque of the en- 
gine of the motor vehicle in response to the accel- 
erator pedal position to override the intervehicle 
spacing control when the accelerator pedal position 
has exceeded the accelerator pedal reference po- 
sition. 
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headway during carrying out the intervehicle spac- 
ing control. 

A driving assist method for assisting manual effort 
by an operator to operate an accelerator pedal of a 
motor vehicle, the driving assist method compris- 
ing: 

acquiring data including information on state of 
the motor vehicle and information on environ- 
ment in a field around the motor vehicle; 
determining the degree of risk in the field 
around the motor vehicle in response to the ac- 
quired data; 

generating reaction force at the accelerator 
pedal; and 

simply increasing an increment of reaction 
force between a first reaction force increment 
and a second reaction force increment as the 
determined degree of risk grows from a prede- 
termined cutoff value to a predetermined critical 
value to determine the command for regulating 
the actuator to realize the increment in reaction 
force, the first reaction force increment has a 
first magnitude in an area of a lower limit of a 
predetermined range, in magnitude, of incre- 
ment in reaction force, which the vehicle oper- 
ator can perceive through the sense of touch 
during depressing the accelerator pedal, the 
second reaction force increment has a second 
magnitude in an area of an upper limit of the 
predetermined range. 



The driving assist system as claimed in claim 8, 
wherein the control logic (28) for determining the 
degree of risk determines the degree of first risk that 
is expressed by an equation including, as variables, 
the reciprocal of a time to collision and the recipro- 
cal of a time headway for use in increasing the in- 
crement in reaction force during carrying out the or- 
dinary control, and wherein the control logic for de- 
termining the degree of risk determines the degree 
of second risk that is expressed by an equation, in- 
cluding as a variable, the reciprocal of the time 
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(54) Driving assist system and method 



(57) A driving assist system for assisting manual ef- 
fort by an operator to operate an accelerator pedal of a 
motor vehicle, the driving assist system comprises a da- 
ta acquisition sub-system acquiring data including infor- 
mation on state of the motor vehicle and information on 
environment in a field around the motor vehicle. Control 
logic determines the degree of risk in the field around 
the motor vehicle in response to the acquired data. An 
actuator is provided, which is operable in response to a 
command for generating reaction force at the accelera- 
tor pedal. Control logic simply increases an increment 
of reaction force between a first reaction force increment 
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and a second reaction force increment as the deter- 
mined degree of risk grows from a predetermined cutoff 
value to a predetermined critical value to determine the 
command for regulating the actuator to realize the in- 
crement in reaction force. The first reaction force incre- 
ment has a first magnitude in an area of a lower limit of 
a predetermined range, in magnitude, of increment in 
reaction force, which the vehicle operator can perceive 
through the sense of touch during depressing the accel- 
erator pedal. The second reaction force increment has 
a second magnitude in an area of an upper limit of the 
predetermined range. 
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